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First Page - WINDOWS, Abstract: JP1063271 



TI - FUEL CELL 

AB - PURPOSE:To unify temperature distribution in a cell, obtain uniform power 
generation energy and enable the improvement of cell performance by 
providing divisions in a manifold and a separator plate for forming 
respective gas passages with the sectional areas thereof gradually 
increased from an ourlet side to an inlet side and making opposite the 
directions of fuel and oxidant gases flowing in fuel and oxidant gas 
passages on the adjacent same plane. 
- CONSTITUTION: A plurality of manifold divisions 20 are provided in 
manifolds 7A and 9A for supplying and exhausting reaction gases and 
furthermore a separator plate 4a is provided with a separator division 21, 
thereby forming a plurality of fuel gas passages 5 and oxidant gas 
passages 6. And the cross sectional areas of said gas passages 5 and 6 
are so made as to be gradually reduced from a fuel gas inlet part 22 to a 
fuel gas outlet part 23. And when the direction of gases flowing from the 
fuel gas inlet part 22 to the fuel gas outlet part 23 on a gas flow plane 
is normal at the first row as shown with an arrow mark, said direction is 
reverse at the second row. And the direction is made normal at the third 
row. As aforementioned, the gas flow directions at even and odd number 
rows are made opposite to each other. 
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1) Title: Fuel Cell 

2) Claim: 

I. A fuel cell in which separator plates are interposed between single cells to form a 
cell stack, each cell having a fuel electrode and an air electrode on each side of an 
electrolyte plate. 

a manifold is provided around the periphery of the cell stack for supply and exhaust of 
fuel gas and oxidising gas respectively to said cells, and 

a fuel gas channel is provided on one side of said separator plate, and oxidising gas 
channels provided on the other side of said separator plate, the respective channels 
being mutually orthogonal, 
wherein 

said manifold and said separator plate are respectively provided with manifold divider 
plates and separator divider plates such that die gas channel cross-sectional area on 
the inlet side is larger than that on the outlet side, and 

the fuel gas and oxidising gas flow in mutually opposing directions in the fuel gas and 
oxidising gas channels in adjacent planes. 

3) Detailed Description 
Industrial Application 

The present invention relates to fuel cells. 
Prior Art 

Fuel cells arc devices which convert the chemical energy of fuel directly in to 
electrical energy. An ordinary electrolyte plate is disposed between a pair of porous 
electrodes in the fuel cell. The rear side of one electrode is placed in contact with a 
hydrogen-type ftie-l gas, while the rear side of the other electrode is placed in contact 
with an oxygen-type oxidising gas. This arrangement allows electrical energy to be 
extracted from the two electrodes. 

Fig. 4 shows the principal parts of an example of a conventional fuel cell. Cells 
having a fuel electrode 2 and an air electrode 3 on each side of an electrolyte plate are 
stacked with intermediate separator plates 4 to form a cell stack. A manifold is 



provided around the periphery of the cell siack for the supply and exhaust of fuel gas 
and oxidising gas respectively. Fuel gas channels 5 are formed on one side of the 
separator plate 4, and oxidising gas channels 6 arc formed on the other sidu. The two 
gas channels 5.6 arc orthogonal to each other and the cross-sectional area is the same 
from the inlet side to the outlet side. Furthermore, in the two gas channels 5,6 gas 
flows in one direction. See related Kokai patent publication S57-208077. 

Problem to be solved 

In the prior art. no consideration is given to the uniformity of electrochemical reaction, 
electrical current density distribution, and cell temperature distribution. Non-uniform 
temperature distribution within the cell presents a problem. 

Existing fuel cells have been developed from a first generation, phosphate-based fuel 
cells which use a low reaction gas temperature, through to the second generation of 
molten carbonate fuel cells. For molten carbonate fuel cells, the high temperature of 
the reaction gas is an important factor in the generation of electrical energy. However, 
a uniform heat distribution within the cell is required. 

The present invention aims to solve the above-mentioned problem, by providing a 
fuel cell which has a uniform temperature distribution, so that the electrical energy 
generation is uniform and the cell performance is improved. 

Means of sol vine the problem 

To achieve this aim, the manifold and the separator plate arc respectively provided 
with manifold divider plates and separator divider plates, and the gas channel cross- 
sectional area at the inlet side is larger than that at the outlet side. The fuel gas and 
oxidising gas flow in mutually opposing directions in the fuel gas and oxidising gas 
channels within adjacent planes. 

Operation 

The cell reaction is greater on the gas inlet side than on the gas outlet side, and 
consequently the rise in temperature is larger. The cell reaction on the outlet side is 
smaller, and consequently the rise in temperature is smaller. Since the parts having a 
large rise in temperature are disposed adjacent to the parts having a small rise in 
temperature, the temperature distribution is equalised, and the overall temperature 
distribution is uniform. Furthermore, because the channel cross-section is reduced at 
the outlet side, the maximum differential pressure between the fuel gas and the 
oxidising gas within the cell can be kept low, to achieve uniform electrical energy 
generation. Moreover, the gas flow in adjacent gas channels for the same gas is in 
opposite directions, substantially reducing pressure loss. By raising the reaction gas 
pressure, the concentration polarisation is reduced, and the cell characteristics are 
improved. 

Embodiment 



An embodiment of the present invention is described below with reference to the 
drawings. Figs. 1 to 3 show an embodiment of the invention. For simplicity, the same 



reference numbers have been used for components that are the same as those in the 
prior art. Cells comprising an electrolyte plate 1 . fuel electrode 2 and an air electrode 
3 are slacked with intermediate separator plates 4a, to form a cell slack. Respective 
manifolds 7A, 9A for supplying/exhausting the fuel gas and the oxidising gas are 
formed around the periphery of the cell stack. Manifolds 7A comprise fuel gas inlet 
manifolds 7 and fuel gas outlet manifolds 8, which are arranged alternately on 
opposing sides of the cell stack. Manifolds 9A comprise oxidising gas inlet manifolds 
9 and oxidising gas outlet manifolds 10, which are arranged alternately on the 
remaining two sides of the cell stack. An upper clamping plate 1 1 and a lower 
clamping plate 1 2 are attached to the top and bottom of the cell stack to close the cell 
stack and prevent its displacement. The clamping plates 1 1,12 are fixed to the top and 
bottom of the cell stack by clamping bolts 13. The terminals for extracting the electric 
current generated by the electrochemical reaction are attached to the top and bottom 
of the cell stack. The generated current is fed via cable 14 from the fuel electrode 2. 
and supplied to the exterior via an external current extraction terminal 15. Likewise, 
the generated current is fed via cable 16 from the air electrode, and supplied to the 
exterior via an external current extraction electrode 17. The cell stack constructed in 
this manner is entirely covered with a heat-insulating material 1 8. the outer surface of 
which is covered with a body 19 in the form of a pressure vessel which prevents the 
reaction gas etc. from leaking to the outside (see fig. 2). In this embodiment of the 
fuel cell, the manifolds 7A,9A and the separator plates 4a are provided with manifold 
divider plates 20 and separator divider plates 2 1, the gas channel surface area at the 
inlet side is larger than that at the outlet side, and the flow direction of the fuel gas or 
oxidising gas in adjacent gas channels is mutually opposite. As a result, a fuel cell can 
be obtained in which the temperature distribution within the cells is made uniform, 
uniform electrical energy generation is achieved, and the cell performance is 
improved. 

As shown in figs. I and 3, a plurality of manifold divider plates 20 are provided in the 
manifolds 7A , 9A which supply and exhaust the reaction gas. and separator divider 
plates 2 1 are provided in the separator plates 4a, forming a plurality of fiiel gas 
channels 5 and oxidising gas channels 6. The gas channel cross-sectional area 
decreases moving from the fuel gas inlet 22 to the fuel gas outlet 23 (the same applies 
for the oxidising gas inlet 24 and the oxidising gas outlet 25). The direction of flow of 
gas in the fuel gas flow plane from the fuel gas inlet 22 to the fuel gas outlet 22 is 
marked with arrows in the drawings: if the first row is in a positive direction, the 
second row is in a negative direction, and the third row is in a positive direction, so 
that the flow is in opposite directions for odd and even rows (the same applies for the 
direction of flow of gas from the oxidising gas inlet 24 to the oxidising gas outlet 25). 
As a result, parts subjected a large rise in temperature are disposed adjacent to parts 
subjected to a small rise in temperature, evening out the temperature distribution, so 
that the temperature distribution of the whole cell is made uniform. Moreover, since 
the channel cross-section at the outlet side is smaller, the maximum differential 
pressure between the fuel gas and the oxidising gas within the cell can be kept low, 
and uniform electrical energy generation can be achieved. Furthermore, since one gas 
flows in the opposite direction to an adjacent gas, pressure losses can be substantially 
reduced. In accordance with this embodiment, the electrochemical reaction, electric 
current density distribution, and the temperature distribution within the cell can be 
made uniform, and a large amount of electrical energy can be generated, while the 
size of the power generating unit is reduced. 



Effect of the Invention 



In accordance with the above description, the present invention provides a fuel which 
achieves a uniform temperature distribution within the cells, uniform generation of 
electrical energy, and improved cell perfonnance. 

4. Brief description of the drawings 

Fig. 1 is a cross-sectional view of a fuel cell in accordance with an embodiment of the 
present invention. 

Fig. 2 is a longitudinal cross-sectional view of the same embodiment. 

Fig. 3 is a perspective view of a separator plate of the same embodiment. 

Fig. 4 is a perspective view showing the main parts of a conventional fuel cell stack. 
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